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Abstract – This study analyses variations in the size of black woody phytoclast and palynofacies types of shallow subti-
dal environments evolving to deeper subtidal environments, of latest Illyrdian-latest Fassanian age (Upper Muschel-
kalk). Some of the results display some discrepancies between elevated particle sizes that were supposedly deposited in
a relative proximal source and the rich veryhachid palynofacies that are thought to represent distal marine environments.
A case study of the succession in the Héming quarry, located in the Alsace-Lorraine trough (southwestern part of the in-
tracratonic Germanic basin) reveals that : (1) the palynological assemblages are dominated by acritarchs belonging to
micrhystridids, disaccate pollen and woody phytoclasts; (2) the abundance of phytoclasts, sporomorphs and marine
groups is not correlated with lithologies; (3) the length of the processes of micrhystridids is not a useful parameter in
defining palynofacies types. In carbonate ramp environments, many factors could have confused the palynological si-
gnals such as high-energy events and the water level on which the nutrient supply depended pro parte. All these factors
seem to have been governed by climatic or tectono-eustatic events.
Les variations des palynofaciès dans un système de rampe carbonatée du Muschelkalk
supérieur du NE de la France.
Mots clés. – Palynofacies, Phytoclastes, Statistiques, Paléoenvironnements, Muschelkalk, France.
Résumé. – Cette étude analyse les variations de la taille des débris de bois et des types d’assemblages de palynomorphes
du Muschelkalk supérieur (Illyrdien terminal et Fassanien). Les échantillons correspondent à des dépôts de rampe car-
bonatée ayant évolués de milieux peu profonds à des milieux ouverts. Certains des résultats obtenus paraissent contra-
dictoires. C’est le cas de la taille moyenne élevée des débris de bois, qui traduit un dépôt près des sources d’apports ce
qui s’oppose aux assemblages marins enrichis en Veryhachium qui traduisent des milieux marins plutôt distaux. L’ana-
lyse de la carrière d’Héming, située dans la partie SW du bassin germanique intracratonique et dans le sillon
Alsace-Lorraine montrent que : 1) les assemblages en palynomorphes sont dominés par des acritarches du genre Micr-
hystridium, des grains de pollen disaccates et des débris de bois. 2) L’abondance des débris de bois, des sporomorphes
ou des éléments marins est sans relation avec la lithologie des échantillons. 3) La longueur des processus des Micrhys-
tridium, souvent interprétée comme étant un paramètre palaeoenvironnemental, n’aide pas à la définition des palynofa-
ciès dans le cas d’Héming. Dans ces environnements du triasiques, plusieurs facteurs altèrent probablement le signal
palynologique, comme des événements de haute énergie qui remanient les sédiments et la faible hauteur relative de
l’eau qui conditionne l’approvisionnement en nutriments. Ces paramètres, dans le cas d’Héming, semblent dépendre
d’événements climatiques et/ou tectono-eustatiques.
INTRODUCTION
Goubin and Haguenauer [1966, p. 615] first mentioned the
abundant and varied palynofloras that are present in the Up-
per Muschelkalk Ceratites limestone of Héming quarry. The
middle Triassic marine palynofloras described were com-
posed of Tasmanites, Micrhystridium and Veryhachium. The
terrestrial palynofloras were mainly represented by
disaccates and to a lesser degree by smooth and granulate
spores. Three decades later [Duringer et al., 1998, p. 71;
Duringer, 1999, p. 81] analysed the fine-grained limestone
and grey marlstone alternations at Héming. Their palynological
results led the authors to postulate that the palynological
assemblages were homogeneous. Despite the consistency of
the assemblages that they reported, they assumed that the
micritic beds, though largely marine in origin, recorded
strong terrestrial influences (Tasmanites and numerous
woody particles). The marlstone beds in which interbedded
storm depositional features (mainly calcareous tempestites)
are present characterize open marine (upper offshore)
depositional environments (leiospherids, Micrhystridium
and Veryhachium). These conclusions implicitly assumed
that : 1 – the tasmanitids were representative of brackish en-
vironments during the late middle Triassic; 2 – assemblages
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of this age composed of leiosphaerids, micrhystridids and
veryhachids may be attributed to open marine environ-
ments ; 3 – the abundance, indeed the presence, of terres-
trial particles (phytoclasts) has palaeoenvironmental
significance. These arguments are questionable. It is true
that many authors have regarded the tasmanitids and some
leiosphaerids (both prasinophyte phycomata) as indicators
of brackish surface-water conditions. But in a well-argued
review, Tyson [1995, p. 305] questioned this interpretation
that was based on an uncritical acceptance of former publi-
cations dealing with this subject or on the brackish and
f r e shwa te r occu r r ence o f some mode rn mo t i l e
prasinophytes. Concerning the acritarchs, present in inshore
shallow-water, Paleozoic facies, their abundance varied
with sediment grain size [Tyson, 1995, p. 319]. The assem-
blages were typically dominated by thin-walled leiosphaerids
and relat ively simple, short-spined michrystr idids,
veryhachids and baltisphaeridids. In inner shelf facies, the
assemblages contain lower percentages of leiosphaerids, and
more longer-spined mycrhystridids [Tyson, 1995, p. 320]. In
deep water, basinal facies, the assemblages become domi-
nated by presumably thick-walled prasinophytes. Phytoclasts
are ubiquitous palynofacies components in ancient sedi-
ments. They were abundant in deltaic deposits [Bustin, 1988,
p. 290] where oxidising conditions selectively destroyed
them but they can also be abundant in basinal facies, having
been transported there by turbidity currents [Stanley, 1986,
p. 99].
The data on the principal palynological groups yielded
by the carbonate and siliciclastic strata in the Héming
quarry can be interpreted in various ways. It is interesting to
apply numerical analyses in order to test the positive or neg-
ative correlations between all of palynological parameters,
and to compare our results with conclusions drawn from a
re-examination of sedimentology. The samples were taken
from the upper limestone unit of Héming section studied
(fig. 1).
GEOLOGICAL SETTING
In northeastern France, the Upper Muschelkalk is divided
into three formations, from base to top : the “Calcaires à
entroques”, “Calcaires à Cératites” and “Calcaires à
Térébratules”. The part of the section we analysed belongs
to the Calcaires à Cératites Formation (fig. 1). Duringer and
Hagdorn [1987, p. 603, fig. 2] dated this unit on the basis of
ammonite Ceratites. Duringer [1982] and Duringer and
Vecsei [1998] described the sedimentologic and petrographic
elements. The limestone-marlstone alternation is referable
to the C. evolutus Zone and the lower C. compressus-C.
spinosus Zones, and hence, late Illyrian- early Fassanian in
age according to the chronostratigraphical scheme of Kozur
[1974] and Hagdorn [1991]. The Héming section is
palaeogeographically located in the Alsace-Lorraine Trough
in the southwestern part of the intracratonic Germanic Basin.
This was an area of relatively rapid subsidence. The
Calcaires à Cératites Formation is made of a limestone-
marlstone alternation superimposed on a succession of thick
limestone beds related to coastal crinoid bars, and micritic
beds that accumulated in lagoonal conditions (Calcaires à
entroques Formation). The alternation is composed of
marlstones, bioclastic tempestites and fine-grained micritic
limestone beds. The limestone units contain numerous
small-scale symmetrical wave-ripples, bioturbation, convo-
lute bedding, and lateral-accretion bedding. Most of the
fine-grained micritic limestones were highly bioturbated,
where the ichnogenus Planolites was common, and they
were mainly composed of calcispheres [Duringer et al.,
1998, p. 71].
The numerous sedimentary structures suggest very shal-
low subtidal environments evolving towards deeper subtidal
environments marked by proximal tempestite deposits
[Duringer and Vecsei, 1998, p. 67; Vecsei and Duringer;
1998].
METHODS
We obtained the organic components of the palynofacies in-
vestigated by using simplified palynological techniques. 61
samples were processed, 50 of which yielded kerogen that
could be used for numerical analyses. Most of the barren
samples were representative of mudstone with hummock
cross stratification (HCS). Hydrochloric (33 %) and hydro-
fluoric (70 %) acids eliminated the mineral fraction of the
sediments. We did not use oxidation (nitric acid) nor ultra-
sonic methods. Batten [1983, p. 276] assumed that remov-
ing fine particles using these methods would work better on
terrigenous matter than on marine matter. We applied den-
sity separation with zinc chloride prior to sieving. Manual
sieving on a 10 µm mesh screen prior to slide mounting
cleaned up the residues. We checked the screening refuse;
they contained no AOM aggregates. The small particles re-
moved (less than 10 µm) corresponded to black debris,
probably charcoal.
Associated with the palynomorphs were large quantities
of woody plant debris (phytoclasts). Woody components of
palynofacies have been the topic of many classifications, all
summarized by Tyson [1995, p. 344-345]. We classified the
phytoclasts according to the terminology of Whitaker
[1984, p.4-5, fig. 7], and Whitaker et al. (1992, p. 172-174).
We employed a reduced but adapted classification sensu
Whitaker described by Courtinat et al. [2003].
For each sample, the spores, pollen grains and
acritarchs were determined at a specific level. The fre-
quency analysis was made at a group, sub-group, family or
genus level depending on their percentage. The sporomorph
assemblages are dominated by non-saccate pollen grains
(mostly Inaperturopollenites orbicularis) or disaccates
(Triadispora, Ovalipollis and Taeniopollenites being the
most important genera); the spore group is scarce. The
acritarch assemblages are dominated by micrhystridids
(Micrhystridium cf. deflandrei complex and three undes-
cribed types : one with long spines designated M. sp. 1 and
two with relatively shorter spines designated M. sp. 2 and
M. sp. 3). In certain samples, representatives of the genera
Tasman i t e s , Pachysphaera , Crassosphaera and
Leiosphaeridia are all abundant but never dominant. Some
biconvex, circular and smooth-walled palynomorphs occur
in low percentages in some samples. They possessed an equa-
torial suture along which splitting may appear. They were at-
tributed to the Ovoidites-type palynomorph sensu Batten et al.
[1994, p. 33] and were probably chlorococcalean algae.
Count data were based on 383 to 713 (arithmetical
mean = 511) fragments of woody phytoclasts and specimens
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FIG. 1. – Location map and stratigraphic column of the Héming section (Quarry of the Origny, Barlot Zone).
FIG. 1. – Carte de situation géographique et colonne stratigraphique de la coupe d’Héming (carrière d’Origny, zone Barlot).
of palynomorphs per slide depending on the richness of the
residue. Palynofacies descriptors were palynomaceral and
palynomorph parameters. No parameter referred to an ab-
sence of a particular component of the palynofacies; they
were not converted into abundance classes (for example :
class 1 = 1 % to 5 % ; [Kovach and Batten, 1994, p. 393].
We expressed the palynomaceral parameters (fig. 2) as a
percentage of the total amount of kerogen components, and
the palynomorph parameters (fig. 2) as a percentage of the
total amount of microfossils (palynomorph groups). To
avoid the closure effect, all percentages were converted us-
ing the centred log-ratio transformation of Aitchison [in
Kovach and Batten, 1994, p. 392]. The analytical method is
described by Courtinat and Piriou [2002, p. 431 and 434].
We measured the size of 50 black particles using the
method described by Tyson and Follows [2000, p. 570].
This parameter was employed as a supplementary variable,
in that it is statistically relevant to the mathematical defini-
tion of clusters.
NUMERICAL PALYNOFACIES ANALYSES
We performed three numerical analyses on parameters, and
one on the samples. The first analysis applied to parameters
comprised six phytoclast types and the sum of terrestrial
and marine palynomorphs ; the second addressed the marine
parameters ; and the third a combination of selected param-
eters. The analysis carried out on samples was made from
the selected parameters, which resulted from the first two
analyses.
1 – Cluster analysis on the phytoclast parameters – The
analysis reveals three groups of parameters. The first group
consists of the most elongated particles (lath-shaped parti-
cles), the second group comprises all the marine and terres-
trial palynomorphs, and the last group includes the equant
particles. No distinction appears between black and brown
particles ; morphology is the only criterion for separation.
2 – Cluster analysis on the palynomorph parameters –
The analysis reveals five groups of parameters. The first
group did not distinguish between the two variants of
Micrhystridium deflandrei. Baltisphaeridium is not linked
with any other parameter. The leiosphaerids and the
tasmani t ids compose a homogeneous c lus te r : the
Phycomata group. The representatives of Veryhachium are
grouped with both short- and long-spined Michrystridium
(sp. 2 and sp. 3). The long-spined Micrhystridium sp. 1 is
unrelated to any other parameter.
3 – Cluster analysis on selected parameters (fig. 2) –
This selection is composed of the equant and lath-shaped
phytoclasts, the ratio of marine to terrestrial palynomorphs,
Baltisphaeridium, Micrhystridium deflandrei, M. sp.1, M.
sp. 2, M. sp. 3, Veryhachium and the phycomatids. The ma-
rine : terrestrial microfossil ratio was preferred to the sum
of palynomorphs because this parameter is commonly cited
in literature providing various elements for comparison.
What emerges from the analysis is that the marine : terres-
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FIG. 2. – Palynofacies parameters utilized in the three steps of the numerical analyses (Φ = diameter; Al = the greatest dimension of the particle).
FIG. 2. – Paramètres des palynofacies employés lors des trois étapes des analyses numériques ( = diamètre; Al = dimension du grand axe de la parti-
cule).
trial ratio and the equant phytoclasts are independent pa-
rameters. The lath-shaped phytoclasts are grouped with
Baltisphaeridium . Leiosphaerids are associated with
short-spined and long-spined Micrhystridium (M. deflandrei
and M. sp.1) while Veryhachium is associated with only
short-spined Micrhystridium.
4 – Cluster analysis on samples – This step was per-
formed on the selected parameters expressed on figure 2
and corresponding to the selection of the precedent analy-
sis. The samples are distributed in 7 clusters that group to-
gether various lithologies, except for one cluster, which
corresponds to limestones.
DISCUSSION
The marine assemblages defined are mainly composed
of micrhystridid acritarchs in combination with high fre-
quencies of Protodiploxypinus gracilis, a small-saccate pol-
len : as indicated by Visscher et al. [1993, p. 146] this is
typical of the Muschelkalk in the Germanic Basin. These
authors noted that large numbers of acritarchs consistently
correlated with high amounts of P. gracilis. By contrast,
lower acritarch abundances correlated with dominances of
Striatoabietites and Protohaploxypinus. They postulated
that the combination of acritarchs and P. gracilis could well
approximate a maximum flooding surface in the section that
they studied [Visscher et al., 1993, p. 150]. In the samples ana-
lysed, micrhrystridids correlate principally with Triadispora
and non-saccate pollen grains (Inaperturopollenites orbicularis
and striate Circumpolles). Visscher et al. [1993, p. 149] as-
sumed that Michrystridium species indicate restricted marine
conditions while Veryhachium indicate relatively open marine
environments. Does the Héming data confirm these asser-
tions ?
The size and the relative percentage of phytoclasts in-
crease with their distance from the shore line [Caratini et
al., 1976, p. 235; Tyson and Follows, 2000, p. 570]. In the
Héming section, the mean size of black phytoclasts shows
no clearly expressed trend (fig. 3, B). In detail, the curve
shows some variations (fig. 3, A). The maxima are both re-
lated to silty marlstones, silty limestones and micritic lime-
stones. The minima are mainly associated to si l ty
marlstones, but some fine-grained limestones also show low
values. The size of phytoclasts taken as supplementary varia-
bles in numerical analyses tends to correlate with some of
the parameters. The larger mean sizes correlate with the
highest proportions of terrestrial palynomorphs, mainly the
disaccates, and the relatively abundant veryhachids. They
do not correlate with short or long-spined Micrhystridium.
The lower mean sizes are connected with both an abundance
of terrestrial and marine palynomorphs where the latter are
small and long-spined Micrhystridium (M. sp. 1).
Tyson and Follows [2000, p. 571] demonstrated that
black particles offered a means of identifying sedimentological
trends, thus refining systems tract boundaries within
fine-grained sections. Applied to the Héming section, this
statement allows us to presume that variations in the size of
black equant particles reflect some high-order transgres-
sion-regression cycles. Some of the cycles are questionable
because the sampling interval is irregular. For example, in
the upper part of the section, the samples are quite widely
spaced while in the upper limestone unit, they are densely
distributed. The interest of this variation curve is that it
probably indicates high-frequency changes in these very re-
stricted, shallow environments. Such changes may be linked
to variations in water level, in climate, or shifting shorelines
in relation with tectono-eustatic events.
The distribution of palynofacies (fig. 3) corresponding
to the clusters resulting from the numerical analyses is
made up of both short and long-ranging palynofacies. From
base to top, palynofacies 7 encompasses only a small part of
the section, and is defined by a relative abundance of
veryhachids and scarce Micrhystridium sp. 1. It could repre-
sent one of the most open marine environments, or low-energy
deposition in the case of silty marlstones. It is associated
with silty marlstones and limestones that lack internal
depositional structures. Palynofacies 6, located in the mid-
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FIG. 3. – A : distribution of the sizes of the black equant particles. B : the
distal-proximal trend shows no significant trend towards an open environ-
ment of deposition. C : distribution of palynofacies (compositions in text).
FIG. 3. – A : évolution de la taille des particules noires équidimensionnel-
les. B : la courbe de tendance proximalité-distalité montre qu’il n’y a pas
d’évolution vers l’ouverture du milieu de dépôt. C : répartition des palyno-
facies (voire le descriptif dans le texte).
dle part of section, is linked to silty marlstones and
fine-grained limestones related to low-energy deposits. It is
de f i ned by an abundance o f mic rhys t r i d id s and
baltisphaeridids. Palynofacies 5 is located in the lower and
middle part of the section, and was principally yielded by
samples related to low to high energy deposits. It is defined
by an abundance of short-spined M. deflandrei and equant
particles, and relatively low percentages of short-spined M.
sp. 3. It could reflect a relatively open marine environment.
The productive samples were bioclastic limestones, lime-
stones with ripples or silty marlstones. Palynofacies 2 is
limited to the upper limestone unit and is characterized by a
great number of leiosphaerids. It probably reflects one of
the more restricted marine environments. Palynofacies 1 is
associated principally with fine-grained limestones and rare
silty marlstones related to low-energy deposits. It is defined
by a great number of micrhystridids (mainly M. deflandrei).
Pa lyno fac i e s 3 and 4 conce rn samp le s tha t l a ck
palynomorphs and are differentiated on the basis of propor-
tion of equant and/or lath-shaped woody particles. They
were mainly yielded by bioclastic limestones and breccia
which are related to high-energy deposition, and by micritic
limestones which reflect low-energy deposition.
CONCLUSION
Our analysis has revealed some divergences between
palynological results and previous palynological interpreta-
tions of the Héming section. The first discrepancy concerns
the size of black woody particles which increases with dis-
t ance f rom the shore and the r i ches t ve ryhach id
palynofacies, which are considered representative of the
most open marine environments.
Some samples analysed yielded palynofacies defined by
the large size of black woody particles while sedimentological
data argue for open marine facies. By contrast, some yielded
palynofacies characterized by the small size of black
phytoclasts (although not the smallest) while sedimentological
data reflect the most restricted marine facies for the section
studied.
These observations do not call into question the fact
that the size of woody particles is an important parameter in
the definition of the trends with distance from the shore but
in very shallow environments this signal is probably dis-
torted by a great number of parameters such as high-energy
events . I t is also possible that micrhystr idids and
veryhachids are not good markers of proximal and distal fa-
cies, and that the length of the micrhystridid processes are
not good markers of turbulent conditions or quiet deposi-
tions [Wall, 1965] when observed in restricted marine envi-
ronments. Depositional energy, water level and/or nutrient
supplies may have perturbed the distribution of acritarchs.
The second discrepancy concerns the conclusions of
Duringer et al. [1998]. These authors assumed that
palynological elements of micritic limestones related to the
more proximal facies differed from those of silty marlstones
related to more distal facies. The fine-grained limestone
samples without ripples or HCS that we studied yield a
variety of palynofacies. Some are distinguished only by
woody particles, some by the presence of both phytoclasts
and sporomorphs, and others by phytoclasts, sporomorphs
and marine palynomorphs. When present, the dominant ma-
rine palynomorphs are prasinophytes, leiosphaerids, or
micrhystridids, whereas baltispheridids and veryhachids are
absent. Identical associations were observed in siltstone
samp le s bu t t he dominan t mar ine e l emen t s a r e
micrhystridids and the prasinophytes and leiosphaerids are
scarce. In the shallow, restricted marine environment repre-
sented, palynofacies types are not linked to lithologies.
Some variables, that are reputed to be palaeoenvironmental
markers, such as the process length of micrhystridids, the
brown black particle ratio do not appear to have any dis-
criminating significance.
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